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ABSTRACT 
Natural elements used as a part of sustainable building design have 
been known to improve the Indoor Environment Quality (IEQ) of a 
space, and enhance occupants' physical and psychological well-being. 
This study addresses the impact of green office buildings on occupants' 
perception of their working area, productivity, mood, sense of well-being, 
and work motivation, with the aim of understanding the workability of 
sustainable design employed in Malaysia. An embedded multiple-case 
case study was conducted. Pictures and data of the green building design 
were collected, and cross-case analysis was conducted to compare the 
design elements among the three buildings. A total of 210 subjects in the 
3 buildings completed a questionnaire about their perception of the IEQ 
of their working space, and the perceived psychological impact. Finally, 
interviews were conducted on 5 subjects per building to further understand 
their perception of the buildings and how they feel like they are affected by 
it. The result showed that overall, the subjects perceive sustainable office 
buildings as optimal to their comfort level, and that the buildings affect 
their physical and mental well-being positively. 
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INTRODUCTION 
"We shape our buildings, and afterwards our buildings shape us" 
(Churchill, 1943) 
As had been excellently stated by Churchill (1943) during the House 
of Common Speech in 1943, a building has been known to have the ability 
to shape its occupants. It was proven in numerous studies that environment 
has the ability to manipulate occupants' feelings, moods, and also has a 
direct effect on occupants' physical and psychological health (Hanie et al., 
2010; Singh et al., 2010; Thatcher, 2011). McAndrew (1993) defined the 
"ambient environment" in a built environment as the non-visual aspects 
around us such as sound, temperature, odour, and illumination, that we so 
constantly come in contact with, that it is able to affect our mental, and up 
to a point, our physical well-being. A study by Selye (1956) and Downey 
& Willigen (2005) revealed that constant exposure to negative ambient 
environment (stressors) causes detrimental effect to one's psychological 
and physical well-being. Porteus (1977) claimed that both over-stimulation 
and depravation of stimulus in an environment may result in physical and 
psychological pathologies. Where environments with stressors lead to the 
decrease in occupants' psychological and physical health (McAndrew, 
1993), comfortable, restorative environment with optimal level of stimuli 
and low level of stressor creates a healthy environment. Such environment 
gives the occupants apposite setting for them to function properly, and 
is beneficial to their well-being. Human spend 90% of their time indoor, 
within a built environmental context. According to, Bennett (1977) indoor 
environmental quality (IEQ) is what surrounds building occupants at any 
time they are in a building, and is what affects their psychological and 
physical being in relation to their surroundings. For this reason, it is crucial 
that a proper environment for building occupants is created in order to 
improve their life quality. 
Many existing studies highlight the benefit of employing sustainable 
building design as a mean to creating an optimal indoor environmental 
quality (IEQ). It had been proven that natural elements used within a built 
environment not only are perceived positively, but also affect occupants' 
well-being positively. In residential areas, green building elements were 
shown to increase occupants' satisfaction level with their living space. It is 
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also linked to the improvement of occupants' living quality and well-being 
(Sanesi & Chiarello, 2006; Kyu-in & Dong-woo, 2011). In hospital buildings 
meanwhile, natural elements were observed to improve significantly the 
Indoor Environmental Quality (IEQ) of a space. Patients who are exposed 
to natural elements showed less depressive symptoms, improved moods, 
and fewer intakes of pain killers. It was also noted that exposure to natural 
lighting improves the level of Melatonin and Critosil in patients (hormones 
responsible for regulating immune hormones) (Ulrich, 1991; Diette et al., 
2003). In school environments, the two most significant elements which 
affect the students the most positively are the natural day lighting and 
indoor air quality (Olson & Kellum, 2003). Natural lighting significantly 
improves the IEQ of a classroom improving dental health, physical growth, 
and attendance records among students (Hathaway, 1992). In addition to 
that, Heschong et al. (2002) had proven in his study that students exposed 
to abundance to daylight shows 20% faster learning progress compared 
to those exposed to less daylight. Other than daylight, exposure to natural 
ventilation was also proven to improve students' alert level in class, work 
mood, energy and attention span (Bako-Biro et al., 2007). 
Parallel result can also be found in office buildings. Numerous 
studies had shown that green office buildings are perceived more positively 
compared to conventional office buildings, and are also perceived to 
improve work performance, physical well-being, and reduced absent 
rates (Abbaszadeh et al., 2000; Singh et al., 2010). However, according 
to Kato, Too, & Rask (2009), green office buildings are more beneficial 
psychologically (taking pride in their working environment) to occupants 
rather than physically (improvement in health and productivity). Based on 
the literature and studies done by previous researchers, it can be said that 
there is a positive relationship between sustainable architecture and its 
impact on its occupants (Paul & Taylor, 2008; Eichholtz, Kok, & Quigley, 
2009; Deuble & de Dear, 2012). 
Of late, sustainable architecture has started to be implemented in the 
construction industry in many developing nations, including Malaysia. The 
numbers of buildings certified by the Green Building Index are growing 
vastly within the country. There is a great need in a deeper understanding of 
sustainable architecture and its impact on both human and the environment, 
to be able to create a successful sustainable built environment. Although 
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there has been numerous studies done on the subject of green buildings and 
its impact upon its occupants, most of the existing studies are usually done in 
settings with different climatical conditions, where the occupants' preference 
of building elements, comfort levels and way of life differ significantly 
to those in a more local, tropical context such as the ones available in 
Kuala Lumpur, Malaysia. Yuan (1987) (as cited in Khalil & Husin, (2009) 
asserted that the climate in Malaysia is characterized by high humidity and 
temperature, demanding a completely different design approach than the 
green building design in different climatical conditions. For that reason, 
this study is aimed to provide insights as to how existing green buildings in 
Malaysia are perceived by the occupants to see the workability of the existing 
design strategy. Other than that, it is also aimed to investigate whether 
green buildings in Malaysia had succeeded in providing the occupants with 
optimal environment, and is beneficial to their physical and psychological 
well-being, in the hope of further improving the sustainable development 
in countries with tropical climate. 
METHODS 
The purpose of this case study is to develop an explanatory model 
describing the inter-relationship between sustainable office buildings 
and the perception of the occupants towards it. This study consists of 2 
types of variables; (i) Building elements in green office buildings, and 
(ii) Occupants' reacting perception towards building elements. This 
study involves case studies conducted on 3 green office buildings (GOB) 
(Figure 1). 
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Figure 1 : Research methodology flowchart 
Table 1: Case Study Buildings 
Bulding 
A 
B 
C 
Location 
Precint 1, Putrajaya 
Precint 2,Putrajaya 
Bandar Baru Bangi 
No. of 
Employee 
338 
178 
75 
No.of Survey 
Subject 
118 
62 
30 
No. of Interview 
Subject 
5 
5 
5 | 
As shown in table 1, the study took place in three office buildings in 
Malaysia in order to study the phenomena within its real-life context. All 3 
buildings selected as the case study were fully certified green office building 
certified by the Green Building Index Malaysia. Green office buildings 1 
and 2 are located in the federal administrative centre of Malaysia, Putrajaya, 
while building 3 is located in residential area in Bangi. The surveys and 
interviews were conducted in the office area of the building to gain a better 
understanding of how occupants perceive their working environment as 
close to the actual context. 
Samples 
1. "Green Building Elements" Samples 
The sample subjects being interviewed about the building elements 
in green buildings are of purposive sampling, and consisting of the 
owners and the officials of the buildings selected. 
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2. "Occupants' Perception" Samples 
The subjects selected to participate in surveys and interviews consisted 
of convenience sampling, involving the employees of the 3 selected 
buildings who have been working for over a year, where they have 
had the opportunity to settle down to be familiar enough of their 
surroundings to evaluate it. 
Data Collection and Procedures 
Data for the variables "green building element" and "occupants' 
perceptions" were collected separately (Figure 2). 
1. "Green Building Elements" Data Collection 
For data involving the variable "building", a case study was done on 
all 3 buildings. Site visit to the 3 buildings was done, and documents 
related to the building design obtained from the designers and owners 
of the buildings were recorded and reviewed. Interviews with the 
building owners and officials were also conducted to obtain a thorough 
understanding of the building design of all 3 buildings used in the case 
study. 
GREEN BUILDINGS 
BUILDING ELEMENTS 1 
DATA REVIEW INTERVIEW 
DRAWINGS 
GBI SCORRS 
ARCHITECTS 
DESIGNERS 
OPEN ENDED. STRUCTURED 
CONSIDERATIONS DURING 
DESIGNING PHASE 
BVILDINO ELEMENTS 
1 OCCUPANTS' PERCEPTION 1 
sCT" 
INTERVIEW 
S 
RANDOMLY 
KLt.RCTRD 
SITR/FJCTS 
/ 
N 
OPEN RNDRD, RTRIICDIIREfJ 
L 
/ 
*u QUESTIONNAIRE 
\ 
S 
' 
/ 
RANDOMLY 1 
SF-LRrTED 
si HJFrrs 
1JKFKT SCALE 
J 
OCCUPANTS' PERCEPTION 
Figure 2: Data Collection Procedure 
2. "Occupants' Perception" Data Collection 
(i) Interview 
Interviews were conducted in each of the 3 office buildings, and 
included 5 subjects per building. The interview was conducted 
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individually for the duration of 25 - 30 minutes per person, and 
was that of structured, open ended nature. It was aimed at finding 
out how the subjects perceive their environment, and how they 
feel like they are affected by it. 
(ii) Survey 
A questionnaire developed from an existing post-occupancy 
evaluation survey was distributed among the occupants of the 3 
office buildings. The elements measured was their satisfaction 
level of the IEQ (thermal comfort, air quality lighting, external 
views, and acoustic quality) of their working environments, 
and how they feel their productivity, well-being, moods and 
motivations are affected by it. 
The survey consisted of 60 questions with answers in the form of 
5-scale Likert scale, where -2 was the most negative response and 2 was 
the most positive. Pilot study was conducted in Green Office Building 1, 
involving 52 numbers of subjects. Alpha Cronbach test was conducted, 
and the alpha reliability of the 60 item scale was 0.773, indicating that the 
scale had a good reliability. 
Data Analysis 
1. "Green Building" Data Analysis 
Documentations such as drawings and other documents were analysed 
and converted into text and descriptions of the green building elements 
available in all 3 buildings. The elements available were then tabulated 
to be cross compared with each other. Data collected through interview 
with the architects were transcribed and categorized in terms of 
research questions and emergent themes. Coding method were used 
to organize interview data into a limited number of themes and issues 
around the research questions. 
2. "Occupants' Perception" Data Analysis 
For the interview method, subjects' answers were transcribed and 
coded to be categorized according to research questions, and patterns 
emerging were observed, analysed and reported. Meanwhile, the 
statistical data obtained from the questionnaire were analysed with 
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the help of SPSS software to identify the measure of central tendency, 
and measure of variability for each category. Multiple Analysis of 
variance (MANOVA) was conducted on the variables to test the 
statistical significance of the result. 
RESULTS 
Green Building Element 
The green buildings selected in this study employ both passive and 
active sustainable design in order to maintain optimal Indoor Environmental 
Quality (thermal comfort, air quality, lighting quality, acoustic quality, 
external view) while at the same time minimizing the usage of energy. 
1. Thermal Comfort 
Table 2: Passive Thermal Design in 3 Sustainable Buildings 
THERMAL COMFORT (Passive Design Element) 
| Design Elements 
Building 
Oreintation/Shape 
Window Types/ 
Shading Device 
Window Glazing 
Vegetation 
| , „ — 
Green Office Buiding A 
1. North-South orientation 
1. Shading mechanism; 
a) overhang & lightshelves 
b) louvres 
2. Punch hole windows 
1. Light green tinted glazing 
1. Insulation 
2. Canopy & Roof Garden 
1. Tall tree Lined Streetscape 
2. Indoor Vegetation (atrium) 
,™. 
Green Office Building B 
1. Diamond shaped buiding 
1. Shading mechanism; 
a) louvres 
2. Floor-to-ceiling window 
1. Low-E glass 
2. Green tinted glazing 
1. Insulation 
2. Roof Garden 
1. Tall tree Lined Streetscape 
1. Roof, Floor slab & Up stand 
Beam 
Green Office Building C 
1. North-South orientation 
1. Shading mechanism; 
a) Integrated Blinds 
b) Reflective Mirror 
1. Double Glazing Window 
1. Insulation 
2. River roof 
1. kush Landscape around 
building on Ground floor (>50%) 
1. External wall, Internal wall 
All 3 buildings employ passive thermal design (table 2). Building A 
and building C employ orientation technique where the main fa?ade are 
oriented facing north and south (Figure 3 (a) & (c)) in order to prevent direct 
solar radiation from entering the building. The number of windows on the 
fa?ades facing south and west are minimized for the same reason. Unlike the 
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other 2 buildings, Building B does not employ orientation design strategy; 
however, its own inverted pyramid shape (Figure 3 (b)) provides shading 
for the lower floors, preventing direct solar radiation for the whole building. 
N p 
rr 1 
s 
(a) 
(b) (c) 
Figure 3: Building Orientation and Shape of Building A(a), 
Building B(b) and Building C(c) 
Other than that, the 3 buildings use different sun shading methods. 
Where building A and C use overhangs and louvers as sun-shading, 
building B relies on Low-Emissive glass to keep the heat from the sun 
out. Window glazing is used in all 3 buildings, in order to minimize heat 
gained in the building. The roof areas of the buildings are also designed to 
allow for passive cooling for the building. In Building A and B, roofs are 
equipped with vegetation, which helps bring down the temperature by 5°C. 
In Building A, the roof is designed with canopy covering the roof surface 
(Figure 4), which prevents direct solar gain from the sun. In Building C, the 
roofs are used for harvesting solar energy. For that reason, the building is 
not equipped with roof garden like in Building A and B. However, chilled 
water is constantly flowed on the roof, creating a river roof, which helps 
eject heat, and cool down the building (Figure 5). 
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Figure 4: Building A - Roof Canopy 
Figure 5: Building C - River Roof 
Trees are also planted around the building with the intention of giving 
the lower floors shading from the sun, while at the same time, enhancing 
the aesthetical values of the building. The buildings are also equipped with 
heat insulation on the floor slab and external walls. 
Table 3: Active Thermal Design 
THERMAL COMFORT (Active Design) 
Design Elements 
Cooling System 
Green Office Buiding A 
1. Variable Air Volume system 
2. Thermal sensor 
Green Office Building B 
1. Variable Air Volume system 
2. Thermal sensor 
3. Floor Slab Cooling 
Green Office Building C 
1. Variable Air Volume system 
2. Thermal sensor 
3. Floor Slab Cooling 
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Other than passive design, active thermal design is also employed 
(Table 3). All 3 buildings employ Variable Air Volume (VAV) system, 
and thermal sensors to maintain thermal comfort in the building. The 
temperature of the buildings is constantly kept at 24°C - 26°C. Thermal 
sensors in the buildings senses temperature change, and the amount of cold 
air released into the building are controlled accordingly by the VAV system. 
The temperature in the buildings are kept at 24°C - 26°C for 2 reasons; to 
minimize energy usage for cooling puposes, and to keep temperature at a 
moderate level where it is neither too hot or too cold, creating a comfortable, 
conducive environment for the occupants. Building B and Building C are 
also equipped with floor slab cooling (figure 6) to further reduce energy 
used for cooling purposes, while improving thermal comfort. 
I il 
Figure 6: Floor Slab Cooling in Building B and C 
2. Air Quality 
Due to Malaysian climate, optimum working condition where the 
temperature is at 23-26°C, and the humidity 70-60% is nearly impossible 
to achieve. For that reason, working environment in Malaysia needs to be 
fully climatised, where the buildings are fully sealed to prevent outdoor 
climate from affecting the indoor climate and the comfort level of the 
building negatively. In the view of such matter, providing natural ventilation 
in Malaysian office buildings has been proven to be a tricky feat. Such 
happening can be observed in the ventilation design of Building B and 
Building C (table 4), where in order to not compromise the indoor comfort 
level, the buildings are both fully sealed, to create a fully climatised indoor 
environment, with optimal comfort level. 
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Table 4: Passive Air Quality 
AIR QUALITY (Passive Design) 
Design Elements 
Atrium 
Green Office Buiding A 
1. Thermal flue chimney effect 
in the atrium 
2. Operable Windows 
Green Office Building B 
1. Fully Climatized Indoor 
No natural ventilation is used 
Green Office Building C 
1. Fully Climatized Indoor 
No natural ventilation is used 
The design for Building A however, allows for natural ventilation. 
The building is equipped with water wall in the atrium area (Figure 7). It 
creates an area of indoor water feature in the building, which cools down 
the area by the act of humidification as well as providing the area with fresh 
air. Thermal flue stack chimney (Figure 7) effect meanwhile pulls the hot air 
out of the atrium, allowing natural ventilation to enter the building through 
the opening, leaving the area with cool temperature, and fresh air. Natural 
ventilation is also accessible in the work areas on the upper floors, where 
it is designed with operable windows. 
Figure 7: Building A - Thermal Chimney and Water Wall 
To maintain air quality, all the buildings relied on active M&E design 
(table 5). All 3 buildings are equipped with VAV system, C02 sensors, 
and electronic air cleaners. The C02 sensors detect the volume of C02 in 
the building, and release fresh air accordingly. The greater the density of 
C02 detected, the greater the intake of fresh air. Meanwhile, As, there is 
no natural ventilation to keep circulating the air inside the building, it is 
crucial to ensure that the air circulating inside the building is clean and free 
of all pollutants. The electronic air cleaners further improves the air quality 
in the building by reducing the level of airborne pollutants. 
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Table 5: Active Air Quality Design 
AIR QUALITY (Active Design) 
, Design Elements 
Ventilation 
Green Office Buiding A 
1. Variable Air Volume System 
2. C02 sensors 
3. Electronic Air Cleaners 
4. Recovery Heat Wheel 
Green Office Building B 
1. Variable Air Volume System 
2. C02 sensors 
3. Electronic Air Cleaners 
Green Office Building C 
1. Variable Air Volume System 
2. C02 sensors 
3. Electronic Air Cleaners 
3. Lighting Quality 
All 3 buildings optimize the usage of natural daylight, by employing 2 
design methods; space layout and maximum usage windows on the building 
facade. The work area in Building A are concentrated along the building 
perimeter in order to obtain maximum amount of natural lighting. Instead 
of allocating work area along the perimeter of the building, Building B 
and Building C employs open-plan design for the work area, in order to 
uniformly distribute natural lighting within the work area. In Building A 
and Building C, which has a north-south orientation, work spaces are faced 
towards the north-and south orientation, in order to minimize glare and heat 
into the building. Light shelves and light reflectors (fig. 8 and 9) are also 
used in the 3 buildings in order to further distribute diffused dun light to 
the deeper end of the building. 
Figure 8: Light Shelf and Reflector in Building A and C 
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Figure 9: Light shelf and Reflector in Building B 
Table 6: Passive Lighting Design 
LIGHTING QUALITY (Passive Design) 
Design Elements 
Layout 
Window 
. 
Green Office Buiding A 
1. Workspace Layout 
2. More windows in the north 
and south 
1. Atrium 
2.Facade 
3. Light shelf 
Green Office Building B 
1. Open planning 
1. Atrium 
2. Facade 
3. Light shelf 
4. Light through 7th floor 
Green Office Building C 
1. Open planning 
2. Working area facing the north 
and south 
1. Skylight 
2. Facade 
3. Light shelf 
4. Internal Daylight Reflector 
The maximum usage of glass window in all 3 buildings optimizes 
day light usage. Similarly, atriums and skylights used in all the buildings 
(fig. 10) help distribute natural lighting into the deeper ends of the building. 
(a) (b) (c) 
Figure 10: Atriums used in 3 Building A (a.), Building B (b.) and Building C (c.) 
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Having employed design elements which allows for usage of natural 
lighting in the building, artificial lighting only acts as a supporting lights 
in the buildings (table 7). The artificial lighting design are equipped with 
photo sensors, which controls lighting near the window automatically switch 
off when there is sufficient daylight (350 lux), occupancy/motion sensors, 
which automatically turns off the lighting when no movements are detected 
in the area. The occupants are also able to control the lighting in their work 
space with manual lighting switches. 
Table 7: Active Lighting Design 
LIGHTING QUALITY (Active Design) 
Design Elements 
Lighting System 
Green Office Buiding A 
1. Photo sensors 
2. Occupancy sensor 
3. Manual switch 
4. Use of energy efficient 
lamps and fittings 
Green Office Building B 
1. Photo sensors 
2. Manual switch 
3. Task lights 
4. Use of energy efficient lamps 
and fittings 
Green Office Building C 
1. Photosensors 
2. Occupancy sensor 
3. Manual switch 
4. Use of energy efficient lamps 
and fittings 
6. Task light 
4. External Views 
The difference in the type of external views accessible from the 
building can be seen in table 8. In Building C, the landscape is specifically 
designed to enhance the aesthetic values of the building, and provide a 
soothing external view for the building occupants. Building C is located in a 
residential area in Bangi, and the land area is able to accommodate landscape 
of more than 50% of the building footprint. However, for Building A and 
Building B, which are located in the government administration district of 
Putrajaya, are both built on the side of a busy road and are both surrounded 
by other buildings. For this reason, Building A and Building B have no 
landscaping planted around the building specifically for the purpose of 
creating a soothing external view or the building occupants. Turf and are 
planted around the building in Building A, while in Building B, landscape 
are planted around the building on the ground floor level to enhance the 
building aesthetics. 
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Table 8: External Views 
External Views 
Design Elements 
Landscaping 
Green Office Buiding A 
Turf planted around building 
Green Office Building B 
Landscape around building on 
ground floor 
Green Office Building C 
Lush landscape around building 
on ground floor (>50% of 
building footprint) 
5. Acoustic Performance 
Table 9: Acoustic Design 
Acoustic Perfomance 
Design Elements 
Sound proofing 
Green Office Buiding A Green Office Building B Green Office Building C 
Double glazed window 
There is no special design provision for sound proofing in Building 
A and Building B (table 9). In Building C however, the windows are made 
out of double-plane glass with argon gas gap in between the 2 glass planes. 
This window design not only acts as heat insulation, it also acts as sound 
proofing for the building. 
Occupants' Perceptions of Their Working Environment 
As the number of subjects who participated on the questionnaire 
differs from one building to the other, the statistical score used for cross-
comparison of occupants' perceptions towards their working environment 
are the mean scores of the questionnaire. The questionnaire consisted of 5 
point Likert scale ranging from -2 to (+)2, where negative scores (-2 and -1) 
implies negative occupant perception, and positive score (1 and 2) signifies 
positive occupant perception. In such context, mean score of above 0 was 
considered to imply positive perception, while mean score of below 0 was 
determined to imply negative perception from the occupants. 
1. Occupants' Satisfaction Scores towards the IEQ of their Working 
Environment 
From the >1 mean scores in the graph (figure 11), it can be seen that 
overall, the occupants of building A, B, and C perceive each of the 
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IEQ (Thermal Comfort, Air Quality, Lighting, External Views, and 
Acoustic Quality) of their working environment to be satisfactory. 
None of the mean scores fall below 0, and the mean scores that are 
below 1, are close to 1 at > 0.8. 
Occupants* Satisfaction Level of the IEQ Level Of 
Their Working Environments 
• BulklmgA 
e Building B 
Air Lighting External Acoustic 
Quality Quality View* Quality 
IEQ Elements 
"Mean Score : (-2) Very Dissatisfied, (-1) Dissatisfied, (0) Indifferent. (1) Satisfied, (2) Vey Satisfied 
Figure 11: Occupants' Satisfaction Level of IEQ Level in 3 Sustainable Buildings 
(i) Building A 
The result of the questionnaire (fig.l 1) showed that overall, the 
occupants of Building A, rated their satisfaction level of all 5 
IEQ elements (thermal comfort, air quality, lighting, external 
view, acoustic quality) in their working environment to be highly 
satisfactory with the mean score of > 1. The result also showed 
that the IEQ element that the occupants of Building A rated to 
be the most satisfactory was the thermal comfort of the building, 
followed by the air quality, and lighting condition. 
The result from the interview revealed that the high 
satisfaction towards thermal comfort were due to the temperature 
setting of the building, where temperature is always controlled 
at 24°C - 26°C. The interview subjects revealed that the range 
of temperature in the building to be optimal, is neither too cold 
or too hot, and is suitable to their comfort level. Although 3 out 
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of 5 interview subjects were satisfied with the air quality of the 
building, 2 of them complained of minor fresh air insufficiency, 
and expressed the needs to have access to natural ventilation. 
As for the lighting quality, all 5 of the interviewed subjects 
expressed that they are very satisfied of the lighting quality 
of their working environment. This, according to them, is due 
to the fact that the maximum usage of natural lighting in the 
building creates a feeling of lightness in their working area, 
creating a comfortable space for them to work in. The response 
for external views satisfaction meanwhile was split into 2; where 
subjects with views of open spaces with grass at the back of the 
building claimed that they are satisfied of the external views. 
They expressed that the view provides them with distraction 
from work-related stress, and that it also gives them a sense of 
connection to the outsie world. Meanwhile, those with views 
of building and roads, claimed that they neither feel positively 
nor negatively about the external views. According to them, the 
views does not affect their satisfaction level in any way. The 
subjects also considered the acoustical quality of the building 
to be satisfactory. However, they feel like the good acoustical 
condition of the building is due to geographical factors, such as 
the location of the building and light traffic, and not because of 
any building design. 
Overall, the interview subjects in Building A, rated the 
indoor environmental condition of their working environment to 
be satisfactory. Other than that, they also responded that, of the 
5 IEQ elements in their working area, temperature and lighting 
qiality are the 2 elements that they are most satisfied of. 
(ii) Building B 
Similar to Building A, the mean scores in building B (Figure 11) 
implies that overall, the occupants of Building B have high 
satisfaction level towards the 5 IEQ elements of their working 
environment. The IEQ element that the occupants are most 
satisfied of was the thermal comfort of the building. However, 
where in Building A thermal comfort is closely followed by 
air quality and lighting quality, in Building B, air quality was 
rated to have the lowest satisfaction level. Although Building B 
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is surrounded by views of buildings and traffic, the occupants 
rated external view to be the second most satisfactory aspect of 
the indoor environment of the building. 
The interview with the subjects in Building B revealed 
similar result for thermal comfort in Building A. According to the 
subjects, the reason that they perceive the thermal comfort in the 
building positively is because of the moderate temperature where 
it is neither too hot nor too cold. However, the same could not be 
said for lighting quality. The subjects expressed that the level of 
brightness of the space can be either too dim at one space, while 
too bright at another. For this reason, 3 out of 5 of the subjects 
interviewed perceive the lighting quality to be unsatisfactory. 2 
of the subjects who responded to the lighting quality positively 
explained that their work stations are located near to the atrium, 
and they perceived that the diffused lighting from the atrium 
gives their work area a sense of lightness, and helps with their 
visual tasks. The occupants in Building B also rates air quality 
to be unsatisfactory. According to them, although they are aware 
that the air is free of pollutants, they experience dryness in the 
air, which results in sore eyes and nose. Similar to the subjects 
in Building A, the subjects in Building B expressed the need to 
have an access to natural ventilation. As for the acoustic quality 
of the building, all 5 subjects agreed that it is satisfactory, and 
that although the building is located on a busy junction, the sound 
of traffic does not penetrate into the building. 
(iii) Building C 
Similar to the other 2 buildings, the occupants in Building C rated 
all 5 IEQ elements in the building to be highly satisfactory, with 
the mean scores of above 1 (fig. 11). However, unlike Building 
A and Building B where thermal comfort had the highest mean 
scores in both buildings, in Building C, lighting quality of the 
building was rated most positively out of the 5 IEQ elements. 
It is followed closely by external views, and thermal comfort, 
and finally, with the same mean score, air quality and acoustic 
quality. 
The interview with the subjects in Building C revealed 
that the optimal use of natural lighting, which resulted out of 
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the usage of skylight and arrangement of workplace along the 
perimeter of the building, creates a pleasant and comfortable 
working area. Other than that, the interview subjects in Building 
C, also perceive the moderate preset indoor temperature ranging 
from 24°C to 26°C to be optimal to their comfort level, thus their 
high satisfaction levels towards it. The lush landscape area which 
covers more than 50% of the building footprint also contributes 
towards the occupants' positive perception towards the building. 
According to them, the view of greenery has a soothing effect on 
them, and acts as a medium of stress relief. The fact that Building 
C is the building with the biggest area covered in vegetation may 
explain the significantly higher external view satisfaction score 
as compared to the satisfaction score of the other 2 buildings. 
The subjects perceived the air quality in Building C to be 
satisfactory, due to the fact that the building is completely sealed 
off, preventing pollution from nearby road to enter the building. 
However, as is the case with the other 2 buildings, there were 
comments of insufficient air movements and that the air felt 
"stagnant". The occupants of the Building C also expressed the 
need to have access to natural ventilation. The interview also 
revealed that although the building is completed with provision 
for acoustical performance design (double glazed window), the 
subjects' positive perception of the acoustic performance of the 
building is the result of the secluded location of the building, 
instead of the acoustic designs. 
Although the satisfaction score of all the 3 building showed 
that the occupants of the buildings are highly satisfied with 
the IEQ condition of their working environment, significant 
difference was noted on the score of occupants' satisfaction 
on the "Air Quality", "Lighting Condition", and "External 
Views" aspect of the building. The significant difference in the 
satisfaction score quality of air (p: .004) among the 3 buildings 
may be caused by the difference in access to natural ventilation 
among them. Building 1 has operable windows in working area 
and natural ventilation on the ground floor, while the other 2 
buildings are completely detached from natural ventilation. 
Access to natural ventilation in a building may be seen as the 
cause of significantly higher satisfaction score in Building 1 
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in comparison to the other 2 buildings. Another significant 
difference (p: .002) was found in the satisfaction score of lighting 
among the 3 buildings. The difference in the building design that 
may have affected the significant difference in the satisfaction 
score was the orientation technique. It was observed that in 
buildings with North-South orientation (Building A and Building 
C), the occupants found the optimal usage of natural daylight in 
the building to be highly satisfactory. However, in Building B, 
where orientation technique is not applied, satisfaction score is 
significantly lower. This was further supported by the outcome 
of the interview where the occupants in Building B complained 
that the lighting can get either too dim or too glaring. Satisfaction 
score of external view was also found t be significantly different 
(p: 0.46) where buildings with abundance of greenery around 
the building (Building C) scored significantly higher than the 
building with less green landscape (Building A and B). 
Occupants Perception of the Impact of IEQ in Sustainable Office 
Buildings on Their Physical and Psychological Well-Being 
(i) The Impact of IEQ on Occupants' Perceived Productivity 
The Impact of IEQ Perceived Productivity 
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From the questionnaire result (fig. 12), a pattern can be 
observed, where in all 3 buildings, both lighting and thermal 
comfort were seen to be the IEQ element which affect occupants' 
productivity most positively, while external view were seen 
to have the least positive effect towards their productivity. 
The occupants of Building A generally had the most positive 
perception of the effect of the building IEQ on their performance, 
followed by Building C, while occupants in Building B perceived 
their working environment to be affecting their productivity the 
least positively. Significant difference were found on the impact 
of air quality (p: .001), lighting (p: .007), external views (p: 
.000), and acoustic quality (p: .013) on the perceived productivity 
increase among the occupants of the 3 buildings. Occupants in 
the building with access to natural ventilation were seen to have 
significantly higher perceived increase in productivity than those 
who are not exposed to natural ventilation. In relation to the 
lighting condition, occupants in buildings with N-S orientation 
had higher perceived increase in productivity than those in the 
buildings without. Although the 3 buildings do not employ any 
acoustical design, significant difference were found among 
the score of perceived increase in productivity among the 3 
buildings. This difference may be attributed to the geographical 
location of the 3 buildings, where Building C, located at the 
most remote place scored the highest, while Building B which 
is located next to a busy road scored the lowest. 
70% of the subjects interviewed, perceived that their 
productivity were affected positively by their working 
environment. However, the remaining 30% perceived that 
their productivity was not the result of the condition of their 
working environment. Among the 30% that perceived that their 
productivity was not affected positively by the IEQ of their 
working environment were 50% of the interviewed subjects 
from Building B. They responded that they needed adaptation 
period in order to get used to what they perceive to be sub-par air 
quality and lighting condition in the building, and for that reason, 
perceived the IEQ to have no effect on their productivity at work. 
The subjects who perceived the IEQ of their working 
environment to be affecting their productivity positively, think 
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that it is the combination of optimal level of thermal comfort, and 
lighting that contributes to their increased productivity at work. 
(ii) The Impact of IEQ on Occupants' Perceived Mood 
The Impact of IEQ Perceived Mood 
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Figure 13: Occupants' Perception of How the Buildings Affect Their Mood 
With the mean score of higher than 0 (fig. 13), occupants 
in all 3 sustainable office building perceived the IEQ elements 
in their working area to be affecting their mood in a positive 
manner. In Building A and Building C, thermal comfort and 
lighting condition were seen to be the IEQ elements perceived 
to be affecting occupants' mood in the most positive manner, 
while in Building B, thermal comfort and external views were 
seen to have the most positive impact on occupants' mood. 
The 3 buildings share similarity where acoustic quality was 
seen to have the least positive impact in affecting their moods. 
Significant difference was observed in how air quality (p: 
.000), lighting condition (p: .000) and acoustic quality (p: 
.016) were perceived to impact the mood among the occupants 
of the 3 buildings, where access to natural ventilation, and 
moderate amount of natural lighting was seen by the occupants 
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to be contributing factors in the improvement of their mood. 
The interview however, showed a contrasting response to the 
questionnaires. 60% of the interviewed subjects claimed that the 
building does not affect their mood, and that their moods were 
only affected by external factors (workload, own mental state, 
etc.). The remaining 40% claimed that the building does in fact 
improve their mood, and that the improvement is caused by the 
feeling of lightness exuded by the building as a result of optimal 
usage of natural lighting. All of the occupants in Building C 
however, responded that the building has a positive impact on 
their mood. Similar to the occupants in Building A and Building 
B, occupants in Building C also perceive the feeling of lightness 
which resulted from the optimal usage of natural lighting to 
be one of the causes of the improvement in their mood within 
their work space. Other than that, occupants in Building C also 
attribute the sense of connection to the outside world (external 
view) and thermal comfort to the improvement of their mood in 
the building. 
(iii) The Impact of IEQ on Occupants' Perceived Well-being 
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With mean scores of above 0 (fig. 14), it was found 
occupants in all the buildings generally view the IEQ elements 
of sustainable buildings to affect their physical well-being 
positively. In all 3 buildings, acoustic quality was seen to have 
the least positive impact on their physical well-being. In Building 
B in particular, the mean score is nearing 0, which implies that 
the occupants in Building B perceive acoustic quality to have no 
impact whatsoever to their physical well-being. In building A, 
air quality is seen to have the most positive impact on occupants' 
well-being, closely followed by lighting in second place, and 
thermal comfort in third place. In Building C, thermal comfort 
comes first, followed by lighting condition and finally air quality. 
The 2 buildings showed similar pattern where thermal comfort, 
air quality, and lighting are in the top 3 reasons of improved 
well-being. Building B showed different pattern where external 
view was seen to have more positive impact on occupants' well-
being in comparison to lighting condition. Significant difference 
was observed in how air quality (p: .000), lighting condition (p: 
.000) and acoustic quality (p: .000) were perceived to impact the 
well-being among the occupants of the 3 buildings, where access 
to natural ventilation was seen by the occupants to be affecting 
their well-being positively. 
The interview revealed parallel result as the questionnaire, 
where all the interviewed subjects responded that they perceive 
the building to be affecting their well-being in a positive manner. 
According to the interviewed subjects what was perceived 
to be affecting their well-being positively was the combined 
comfort level of all 5 IEQ elements; thermal comfort, air quality, 
lighting, external views, and acoustic quality. In their view, the 
optimal level of thermal comfort and the connection to natural 
element (lighting and external view) in their workspace creates 
a comfortable, restorative environment for them, and thus is 
viewed as having a positive effect on their well-being. 60% of the 
subject interviewed also attributed exposure to natural lighting 
and access to views of nature to the feeling of liberation (as 
opposed to feeling confined) which contributes to their increased 
feeling of well-being. 
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(iv) The Impact of IEQ on Occupants' Perceived Motivation 
Questionnaire result (fFigure 15) showed mean score of above 
0, which implies that occupants in the 3 sustainable buildings 
perceive the building to affect their motivation to work positively. 
It was found that what was perceived to affect the occupants' 
motivation most positively differ slightly among the 3 buildings. 
In Building A, optimal lighting and thermal comfort was seen 
to be the factors which affect occupants' motivation to work 
positively. In Building B, occupants claimed to be motivated 
by the optimal level of thermal comfort and air quality, while, 
in Building C, the occupants' motivation were found to be most 
positively affected by the lighting condition and the external 
views of the building. Significant difference was found among 
the motivation score of the occupants in the 3 buildings on how 
the lighting and external views affect their motivation to go 
to work. It was found that the score is significantly higher in 
buildings with moderate level of natural lighting achieved by 
orientation technique compare to in buildings without it. Other 
than that, it was also found that exposure to views of nature 
significantly increases the motivation to go to work, as can be 
seen in Building C. 
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The Impact of IEQ on Perceived Motivation 
2 + 
i 
1 + 
—e Building B 
% BiMldifigC 
Thermal 
Comfort 
Air 
Quality 
Lighting 
Quality 
IEQ Elements 
External 
View* 
Acoustic 
Quality 
••Mean Score : < -2) Really Decreases, (-1) Decreases, (0) Indifferent, (I) (2) Really 
Figure 15: Occupants' Perception of How the Buildings Affect Their Motivation 
The interview revealed that occupants perceive attractive and 
comfortable working environment to be the core cause of their 
motivation to go to work. It was also found that natural elements 
used in the buildings are what make their working environment 
to be attractive and comfortable. The optimal usage of natural 
lighting and atrium in the building was seen to create "a sense 
of lightness" in the building, which the occupants attributed to 
be one of the leading factors in the increased level of motivation 
to work. Other than that, views to outside world (regardless of 
the type of view; natural or manmade) was perceived to rid the 
occupants of the feeling of being confined in an office building, 
thus is perceived to have a positive impact on their motivation 
to work. 
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DISCUSSIONS 
Occupants' Perceptions towards Green Office Buildings 
Both data from survey and interview revealed that in general, occupants 
of all 3 GBI certified buildings have positive perception towards their 
working environment. Basing on such responses, it can be concluded that 
the sustainable design approach employed in local building in Malaysia 
was proven to be successful in creating a comfortable and restorative 
environment for building occupants. Overall, the occupants perceive the 
Indoor Environmental Quality (IEQ) which consists of thermal comfort, 
air quality, lighting quality, acoustical performance, and external view to 
be highly satisfactory. 
Employing VAV system, floor slab cooling and fully climatised 
indoor environment succeeded in creating optimal thermal comfort for the 
occupants, while minimizing energy used in the building. The resulting 
moderate average temperature of 24°C was perceived to be highly 
satisfactory by the occupants. The same can be said with air quality, where 
in average, occupants are satisfied with condition of the air quality in their 
working environment. However, the buildings' fully climatised indoor 
condition completely detaches building occupants from natural ventilation. 
This condition causes slight dissatisfaction among the building occupants 
due to the lack of air movement resulting from it. For this reason, occupants 
in building with access to natural ventilation (Building A) were proven to 
have significantly higher satisfaction score compared to those in completely 
sealed off buildings (Building B and C). 
It was also discovered that building orientation is crucial in obtaining 
high satisfaction level in lighting condition. Although the lighting conditions 
are generally perceived positively in the 3 buildings, the occupants in 
buildings without North-South orientation perceive the lighting in the 
building to be either too bright or too dim at times. In moderate lighting 
condition, occupants associate the optimal usage of day light, with "the 
feeling of lightness". Other than that, building occupants exposed to views of 
nature (trees, garden), were found to have significantly higher satisfaction of 
external views compared to building occupants who are not. It was observed 
and found that the higher the allocation of greenery outside the building, 
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the higher the occupants' satisfaction of external view. The acoustic quality 
of the 3 buildings was also perceived positively. However, the occupants 
attribute the satisfactory level of the acoustic quality to geographic location 
of the buildings, rather than the buildings' acoustic designs. 
Occupants' Perception of How Green Office Buildings Affect 
Their Productivity, Mood, Sense of Weil-Being, and Motivation 
Other than being perceived positively by the occupants, sustainable 
office buildings in Malaysia were also perceived to have a positive impact 
on occupants' performance, and their psychological and physical well-being. 
It was found that occupants feel that their level of productivity at work, 
well-being, and motivation to go to work were significantly increased by 
the optimal level of indoor environmental quality of the buildings. 
Of the 5 IEQ elements, moderate indoor thermal condition (ranging 
from 24°C to 26°C) and optimal usage of natural lighting was seen by the 
occupants to increase the level of their productivity at work. Meanwhile, 
the occupants perceived that their well-being is improved by the optimal 
comfort level of the building elements, which resulted from the combined 
comfort level of thermal comfort, air quality and lighting condition. Other 
than that, they also associate the improvement in their sense of well-being 
with the exposure to natural elements used in the building (natural day-light, 
and views to greenery). The motivation to go to work was also perceived to 
be improved by the IEQ condition of the building. Occupants claimed that 
the IEQ condition creates a comfortable and attractive working environment 
for them to work in, thus, improving their motivation to work. 
CONCLUSION 
Research showed that sustainable building design has a significant effect 
on building occupants in Malaysia. IEQ elements such as thermal comfort, 
air quality, lighting quality, external view, and acoustic quality all have 
positive impact on the occupants residing within the building. It was found 
that green building design creates optimal indoor environmental quality 
which provides occupants with comfortable working environment 
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It was observed that occupants of Malaysian green office buildings 
have high satisfaction levels of the IEQ of the buildings. In addition to their 
positive perception, they also perceive the green office buildings they work 
in to be affecting them positively, where it increases their productivity and 
motivation, while at the same time, improving their mood and sense of 
well-being. 
Several points that need to be considered in designing sustainable 
office building is that, even though it is imperial to create a fully climatised 
indoor environment to achieve optimal temperature and humidity level, 
occupants expressed the need for access to natural ventilation. For this 
exact reason, a combination of both mechanical and natural ventilation 
needs to be introduced in sustainable building designs, to further improve 
the performance of the building. Other than that, it is crucial to incorporate 
proper orientation and shading design in the building. Although maximum 
usage of daylight is welcomed by the occupants of sustainable buildings 
in Malaysia, poor building orientation or shading design may result in 
extreme condition of lighting, where in some spaces, the lighting can get 
too bright or too dim, causing discomfort and to a point interfere with the 
occupants' work performance. Greenery was also proven to have a positive 
impact on occupants' satisfaction scores towards their working environment. 
Hence, incorporation of more greenery within a built environment is highly 
recommended. 
It can be concluded that, sustainable building design employed in 
Malaysia succeeded in creating a comfortable, healthy working environment 
for its occupants, where they can thrive and reach their maximum potential, 
while at the same time reducing the negative impact on the environment. For 
that reason, it is crucial that measures are taken in committing to creating 
an improved sustainable built environment which cares for the well-being 
of both human and the environment, where both can co-exist in harmony. 
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